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Color Correctioii Table Generatiag' Method, Image Processing Device, 
Image Processiag Method and Recording Media 

Background of Invention 

1 . Field of Invention 

The present invention relates to an image processiag for an image input 
signal in case that a color space of an image input signal is correlated to that of 
an image output device. 

2. Description o£ the Related Art 

When an image input signal is reproduced by using a display device such 
as a projector or the hie, a color space of an input image signal is different trom 
that of a display device, and therefore, it is necessary to make a color 
transformation. 

There is a method of a color transformation of the display device, which 
uses a color correction of one dimension. Fig. 6 is a drawing showing an 
example of an explanation for a color transforming method of the display device. 
In the color transforming method as shown in Fig, 6, a color balance and a 
brightness property of the display device are corrected by a one dimensional color 
correction table of RGB. For example, for correcting a chromaticity of white of 
the display device, color correction curves of r(R), g(G) andbOs) differ respectively 
as shown ia Fig. 7. 
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Summaxy of InventiorL 

However, according to the color transforming method, a range of brightness 
of R, G, B used in the display device is determined by output of the one 
dimensional color correction table at the time of a maximum input, i.e. that is a 
balance of a white point. Therefore, an area haviag a brightness more than the 
range is not used as the dot area shown in Fig. 8. Thereby, when color of image 
input signals is reproduced by the display device, there is a case that the color 
space of the display device cannot be utOized adequately. Furthermore, it is 
impossible to perform an accurate color transformation by a color correction 
using the one dimensional color correction table. 

In order to solve the above-mentioned problems, the present invention is to 
provide a color correction table generating method, an image processing method, 
an image processing device and a recordmg media, which perform a better color 
reproduction. 

According to the present invention as described in claim 1, a color correction 
table generating method includes the steps of: having a white poiat of a gam.ut of 
image input signal substantially corresponded to a maximum brightness point 
having a same chromaticity as said white point and a maximum brightness in a 
gamut of an output device; and generating a three dLmensional color correction 
table, which correlates a color point in the gamut of the image input signal to a 
color point in the gamut of the image output device, in a specified color space 
wherein the white point of a gamut of the image input signal substantially 
corresponds to the maximum brightness point. 

According to the thus constructed color correction table generating method, 
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after a white point of a gamut of image input si^al is corresponded to a 
maxinium brightness point having a same chromaticity as the white point and a 
maTcimmn brightness in a gamut of an output device, a three dimensional color 
correction table, which correlates a color point in the g^amut of the image input 
signal to a color point in the gamut of the image output device, is generated in a 
spedJ&ed color space wherein the white point of a gamut of the image input signal 
substantially corresponds to the maximum brightness point. 

AccordLag to the present invention, an image processing device executes an 
image processing to image input signal with referring to a three dimensional 
color correction table, which correlates a color point in the gamut of the image 
input signal to a color point in the gamut of the image output device, in a 
specified color space wherein a white point of a gamut of the image input signal 
substantially corresponds to a maximum brightness point having a same 
chromaticity as said white point and a maximum brightness in a gamut of an 
output device. 

Preferably, the color space is a CIELAB color space, a CIELUV color space 
or a Yxy color space. 

Preferably, the white point substantially corresponds to the maximum 
brightness point by scaling the gamut. 

Preferably, a color point out of the gamut of the image output device and in 
the gamut of the image input signal is correlated to a color point in the gamut of 
the image output device. 

According to an another aspect of the present invention, an image 
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processing metliod executes an image processing to imag-e input signal with 
referring to a three dimensional color correction table, which correlates a color 
point in the gamut of the image input signal to a color point in the gamut of the 
image output device, in a specified color space wherein a white point of a gamut 
of the image input signal substantially corresponds to a maximum brightness 
point having a same chromaticity as said white point and a maximum brightness 
in a gamut of an output device. 

According to an another aspect of the present invention, a 
computer-readable medium stores a program of instructions for execution by the 
computer to perform an image processing to image input signal with referring to 
a three dimensional color correction table, which correlates a color point in the 
gamut of the image input signal to a color point in the gamut of the image output 
device, in a specified color space wherein a white point of a gamut of the image 
input signal substantially corresponds to a maximum brightness point having a 
same chromaticity as said white point and a maximum brightness in a gamut of 
an output device. 

According to an another aspect of the present invention, a 
computer-readable medium stores a three dimensional color correction table, 
which correlates a color point in the gamut of the image input signal to a color 
point in the gamut of the image output device, in a specifLed color space wherein 
a white point of a gamut of the image input signal substantially corresponds to a 
maximum brightness point having a same chromaticity as said white point and a 
maximum brightness in a gamut of an output device. 

According to an another aspect of the present invention, a projector 
includes the above mentioned image processing device. 
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Brief Description of the drawings 

Fi^re 1 is a functional block diagram of a color correction table generating 
device according to an embodLment of tlie present invention; 

Figure 2 is an outline block diagram constituting an example of a specific 
hardware of a color correction table generating device and an image processing 
device according to an embodiment of the present invention; 

Figure 3 is a fLowchart for explaining a color correction table generatLag 
process of an image processing device 20 according to the present invention; 

Figure 4 is a drawing for explaining a relationship between an input data 
color space and an output device color space; 

Figure 5 is a flowchart for explaining an operation of an image processing 
device 20; 

Figure 6 is a diagram for explaining an example of a color transforming 
method of a display device; 

Figure 7 is a graph for showing color correction curves of rCEO, g(G) and 
b(B) used for a color transforming method! 

Figure S is a drawing for explaining a problem with respect to a color 
transforming method; 

Figure 9 is a functional block diagram of an image processing device 
according to an embodiment of the present invention; and 

Figure 10 is a functional block diagram wherein an image processing 
device 20A according to an embodiment of the present invention is provided in an 
image processing section 100 of projector 20. 

Description of the preferred Embodiments 

The embodiment of the present invention will be described in detail 
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heremaftex with referring to the attached drawings. The terms "color 
reproducing area" described in the present embodiment corresponds to the term 
"gamut" in claims. 

Fig. 1 is a functional bloclc diagram showing a color correction table 
generating device according to an embodiment of the present invention, Mg. 9 is 
a jfunctional block diagram showing an image processing device according to an 
embodiment of the present invention, and Fig. 2 shows an example of a concrete 
hardware construction about these the color correction table generating device 
and the image processing device by an outlined block diagram. 

In Pig. 1, a color correction table generating device 20 is provided with: a 
first color space transformation section 20d, a second color space transformation 
section 20e, a scaling section 20f, a third color space transformation section 20g 
and a color correction LUT storage section 20c for storing a generated color 
correction LUT. The processing of these each structures section will be 
described below in detail. 

Furthermore, in Fig. 9, the image processing device 20A executes a desired 
image processing to RGB image input data and outputs the image-processed 
image data to the image output device 30. Here, the image data is that a color 
image is divided into predetermined color components and respective components 
have some proper strength, and the data has a chromatic color or an achromatic 
color such as gray and black, if it is mixed in predetermined ratio. The present 
embodiment will be explain the case where the image output device 30 such as a 
display or a projector reproduces a color based on RGB data. 
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The image processing device 20A includes a color correction LUT storage 
section 20c storing color correction tables; and a color correction section 20a that 
reads out a selected color correction table (LUT) from tL.e color correction LUT 
storage section 20c and transforms RGB image input data to R'G'B' image data 
for the output device with referring to the read out color correction LUT. 

The present embodiment employs a computer system as an example of 
hardware for realizing the color- correction look-up table generator 20 and the 
image processing apparatus 20 A. FIG. 2 shows the computer system as a block 
diagram. The computer system is provided with a scanner 11a, a digital still 
camera lib, and a video camera 11c as image input devices, and they are 
connected with a computer main unit 12. The individual input devices generate 
an image data where an image is represented by pixels arranged as dot matidx, 
and provide the computer main unit 12 with the image data, where the image 
data represents about 16.7 million colors by 256-gradation display in three 
primary colors comprising R, G, and B. 

A floppy disk drive 13a, a hard disk drive 13b, and a CD-ROM drive 13c 
are connected with the computer main xmit 12 as external auxiliary storage 
apparatuses, the hard disk 13b stores base programs relating to the system, and 
necessary programs are read from a floppy disk and a CD-ROM if required. A 
modem 14a is connected for connecting the computer main unit 12 with an 
external network or the like as a communication device, and software and data 
are downloaded for introduction by connecting to the external network through a 
pubHc communication line. In this example, though the modem 14a is used for 
the external access through the telephone line, a constitution for access to a 
network through a LAN adaptor is also possible. In addition, a keyboard 16a 
and a mouse 15b are coimectedfor operating the computer main unit 12, 
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The computer main unit 12 is provided witli a display 17a and a color 
printer 17b as image output devices. The display 17a is provided with a display 
area comprising 800 pixels in the horizontal direction and 600 pixels in the 
vertical direction, and 16,7 million colors are displayed on the individual pixels. 
This resolution is an example, and the resolution may be changed to 640 x 480 or 
1024 X 768 as needed. 

The color printer 17b is an ink jet printer, and prints an image on a print 
sheet as a medium with color ink of four colors comprising C, M, Y, and As 
its image resolution, high density print such as 360 X 360 dpi or 720 x 720 dpi is 
available, and as its gradation representation, two-gradation representation by 
selecting whether attaching the color ink or not is available. A predetermined 
program is rimning on the computer main unit 12 to obtain, an image through the 
image input devices, and to display or to provide on the image output device. An 
operating system (OS) 12a operates as a base program, and a display driver CDSP 
DRV) 12b and a printer driver (PRT DRV) 12c are integrated into the operating 
system 12a. The drivers 12b and 12c depend on the models of display 17a and 
the color printer 17b, and axe added to or changed in the operating system 12a 
according to the models. It is also possible to realize a feature in addition to a 
standard processing depending on the models. In other words, different 
additional processes are realized in. a permissible range while a common 
processing system is maintained on a standard system as the operating system 
12a. 

As a prerequisite for running the program, the computer main unit 12 is 
provided with a CPU 12e, a RAM I2f, a ROM 12g, an I/O I2h and the like, and 
the CPU 12e executes the base program written in the ROM I2g as needed while 
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using the RAM 12f as a temporary work area or specified memory area, or a 
program area, and controls the external apparatuses connected througli tlie I/O 
I21i and internal apparatuses. 

The application 12d is executed on the operating system 12a, which serves 
as the base program. Contents of the processing in application 12d vary, and 
include monitoring the operation of keyboard 15a and the mouse 15b as operating 
devices, properly controlling the different external apparatuses, executing 
corresponding calculation and the hke when they axe operated, and displaying or 
providing a processed resvdt on the display 17a or the color printer 17b. 

The computer system obtains image data through the scanner 11a as an 
image input device, performs a predetermined image processing with the 
application 12d, and show the processed result as output on the display 17a or 
the color printer 17b, which serve as image output devices. 

The display driver 12b and the printer driver 12c are stored on the hard 
disk 13b, are read into the computer main unit 12 on startup, and operate. They 
axe stored on a medium such as a CD-ROM or a floppy disk when they are 
introduced. Thus, these media constitute media for storing the image 
processing program. The image processing program itself is included in the 
scope of present invention. In the present invention, though the image 
processing apparatus is reahzed as a computer system, the computer system is 
not necessarily reqiiired, and a system that applies the process required in the 
present invention to similar image data is possible. A system where an image 
processing system for performing the image processing of present invention is 
integrated in a digital still camera, and image data after the image processing 
are used for printing through a color printer is possible. For a color printer. 
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which obtains image data and prints without a computer system, it is possible to 
constitute such that the image processing of present invention is automaticalLy 
applied on image data obtained through a scauner, a digital stOl camera, modem 
or the like and printing is processed. 

Furthermore, the image processing device 20A may be provided in dififerent 
apparatuses for handling image data such as a projector, a color facsimile 
apparatus or a color copying apparatus. 

Referring to Figs. 3 and 4, a color correction table generating process 
program which is executed by the color correction table generating device 20 
shown in Fig. 1 is explained hereinafter. 

Fig. 3 is a fLowchart explaining the color correction table generating 
process program executed by the color correction LUT generating device 20 of the 
present embodiment. As shown by Fig. 3, the first color space transformation 
section 20d of the color correction LUT generating device 20 makes a correlation 
so that an input data color space matches an intermediate color space (CIELAB) 
(step 40), As the intermediate color space, a CIELUV color space and a Yxy 
color space may be used as well as the CIELAB color space. 
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If color images having the color characteristics shown by the above 
expression (l) is displayed by a display device having the color characteristics 
shown by the following expression (2), 
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the input data color space is correlated to the CIELAB space wMcli is the 
intermediate color space. At this time, the expression (l) is used to correlate 
RGB values to tri-stxmulus XYZ values. The following equations are used to 
correlate the tri-stimulus XYZ values to the CIELAB space. 



L*= 116(Y/Yn)i/^^-16 

L* = 903.29(Y/Yii) 

a* = 500[(X>aCn) 1^ -(Y/Yn) i«] 

b* = 500[(YyYii) '^-(Z/Zn) ^ 



if Y/Yn > 0.008856 ... (S) 
if Y/Yn < 0.008856 ... (4) 
... (5) 
... (6) 



Here, Xn, Yn and Zn are tii-stLmulus values with respect to white of input 
signal. 

Next, with respect to the color space of the output device (color reproduce 
area), the second color space transformation section 20e correlates RGB values to 
XYZ values by the expression (2) (step 42). The scahug section 20f executes a 
scaling in a CIEXYZ coordinate in accordance with the following equations so 
that a white point of the input data color space corresponds to a point having the 
same chromaticity as the white point of the input data color space and having the 
maximum brightness in the output device color space in the CIELAB space (step 
44). 
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Here, the scaling changes a scale size of color space. Furthermore, in xy 
chromaticity coordinate, a chromaticity Oi, y) is defined below. 
X = X/(X+Y+Z) 
y = Y/(X+Y+Z) 

"c" is a scaling constant, and is calculated by the following equations' 
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With respect to the scaled XYZ values, the third color space transformation 
section 20g apphes the above transform equations to the CIELAB space (the 
expressions (s) to (6)) and correlates the color space o£ the output device to the 
CIELAB space (step 46). The relationship between the input data color space 
and the output device color space which are correlated mutually is shown in Fig, 
4. 

Furtherraore, the third color space corresponding section 20g executes a 
color correlation processing with respect to each pixel of the input images (steps 
48 to 56). The RGB value of the input image data is correlated to the CIELAB 
coordinate by the expressions (l) and (3) to (6), 
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If a reqxiired color exists in a color space of the output device (step 50, Yes), 




by using the above expression (lO), the data in the CIELAB space is 
correlated to the color data of the output device, and RGB values o£ the output 
device are calculated (step 54), 



On the other hand, if a required color does not exist in the color space of 
the output device (step 50, No), a luminosity and a chroma of the required color 
are changed and the required color is transferred into the color space of the 
output device (step 52). Thereafter, (X', y, 2') is calculated by using an. inverse 
transformation of the expressions (3) to (6) and RGB values of the output device 
is calculated by the expression (lO) (step 54). 



After the color correlation processing of the steps 48 to 54 are repeated 
with respect to RGB values of aU the transformation targets (step 56, Yes), a 
three dimensional color correction LUT is generated, stored in the color 
correction LUT storage section 20c (step 58) and the processing is finished. 



Specifically, the color correction table generating device 20 generates a 
three dimensional color correction table by correlating RGB value of input data 
and RGB value calculated by expressions (l), (3) to (6) and (lO) on the basis of the 
RGB value of input data, and therefore, the processing is jfinished. 

Next, with referring to Fig. 5, the operation of the image processing device 
20 is explained hereinafter. 
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As shown in Fig. 5, if the start of an, image output is instructed by a user 
(step 70) and if a three dimensional color correction LUT is selected (step 72, Yes), 
the selected three dimensional color correction LUT is read out from the color 
correction LUT storage section 20c and it is written into a RAM (step 74). The 
three dimensional color correction LUT is incorporated in the color correction 
section 20'b (step 76), an image processing is executed by using an interpolation 
calculation with referring to the three dimensional color correction LUT, and an 
image output processing is executed (step 78). 

According to a color transforming method of using a color correction 
tahle(s) generated by the present embodiment, when colors of image iaput signals 
is reproduced by an output device, a better color reproduction is available by 
using a more widely color space. According to the color transforming method, 
without using a one dimensional color correction table, by using a three 
dimensional color correction table and executing a white point correction, it is 
possible to use as a color space a color region of hatched line of Fig. 8 in dot area 
shown in Fig. 8. 

Modification of the Embodiment 

In Fig. 10, an example is shown that the above image processing device 
20A is set up in the image processing section 100 of a projector 20. 

The image processing section 100 of the projector 20 shown in Fig. 10 is 
provided with: an A/D converter 110 for transforming an analog image input 
signal to a digital signal; an image processing device 20A including a color 
correction section 20a for reading out a selected color correction table from a color 
correction table storage 20c, and executing a required color correction with 
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respect to each RGB image input signal with referring to the read out color 
correction table; a D/A converter 130 for transforming a digital signal to an 
analog signal; and an L/V Oight valve) driver 140 for driving a liquid crystal light 
valve to make a projectioxx display of image. 

According to the image processing section 100 of the projector 20 which is 
provided with the image processing device 20A. the color correction section 20a 
performs a required color correction for the digital image input signal, on the 
basis of the selected color correction table. The color corrected digital image 
input signal is transformed to an analog signal by the D/A converter 130 and on 
the basis of the transformed analog signal, the LA^ driver 140 drives the hquid 
crystal light valve to make a projection display of image. 

In this way, according to the image processing section 100 of the projector 
20 which is provided with the image processing device 20 A, when colors of the 
image input signal is reproduced by the projector, a better color reproduction is 
available by using a more widely color space. According to the color 
transforming method which uses a color correction table generated by the present 
embodiment, without using a one dimensional color correction table, by using a 
three dimensional color correction table and executing a white point correction, it 
is possible to use as a color space a color region of hatched line of Fig. 8 in dot 
area shown in Fig. S. 
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